The paper aims to investigate the mechanical properties of tubes having a small diameter and made from new steels called ODS steels Oxide Dispersion Strengthened steels). These new materials are candidate materials for fuel claddings in the generation IV reactors. This work contributes to original results to the experimental program carried out by RATEN ICN Pitesti in the framework of the FP7 European MatISSE Project (Materials' Innovations for a Safe and Sustainable nuclear în Europe). The experimental method used for the investigating of the mechanical properties of ODS steel tubes is a non-standard method, known as Ring Tension Test (acronym -RTT). It is recommended for the mechanical testing of tubes with thinner walls and reduced inner diameter. The main advantage of RTT is that the tested sample maintains the initial geometry of the component from which has been made. For the experimental RTT tests, the ODS tubes were provided by MatISSE Project participant, CEA France. Tubes are in two different compositions: Fe-9Cr ODS and Fe-14Cr ODS. For a better understanding of the ODS mechanical properties, some further investigation on the scanning electron microscopy is carried out.
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The structural integrity of nuclear components is the main task in the research area for the generation IV of the nuclear reactors. Its objective is to ensure a demanding safety of functioning and operation for the nuclear facilities. Also, it has a large applicability from the design and manufacturing stages until the last phase -decommissioning. In the scientific literature, in addition to the classical, standardized (ASTM) experimental mechanical tests, there are in use some new non-standardized tests. This is due to the fact that determination of the mechanical properties by standard methods processes of sample preparation resulting in a change of the actual geometry of the component, and is introducing additional residual stresses during the manufacture of the samples. Thus, the mechanical characterization of the fuel cladding tubes with smaller diameter is recommended to be done by using tensile test method with ring type samples. This testing method is known in the literature as the Ring Tension Test (RTT). This method is recommended to evaluate mechanical properties of materials candidate for nuclear fuel cladding tubes, in generation IV reactors, for their reduced diameter which makes impossible to obtain a standard flat sample in the transverse direction without significant residual stresses value.
Experimental part
The material under investigation is an innovative material, candidate as the structural material in gen IV reactors, called ODS steel -Oxide Dispersion Strengthened (Fe-9Cr ODS martensitic steel and Fe-14Cr ODS ferritic steel). The ODS tubes for the experimental investigation has been provided by CEA France, that was a partner in the framework of FP7 European MatISSE Project. The main ODS steel characteristic consists of the reinforcing the ferritic/martensitic steels by a homogeneous distribution of nano-grained oxides (eg. yttrium oxide -Y 2 O 3 ) in the steel matrix. The addition of oxides induces the dislocation movement blockage and this promotes a remarkable improvement of the mechanical properties. These materials are characterized by a very good creep resistance under high temperatures, good corrosion properties and low swelling under irradiation [1, 2] . High creep resistance is provided by a homogeneous distribution of the nanometric oxides and can be explained as a limiting strain and a much higher rupture time ( fig. 1 ) [3] [4] [5] .
Metallographic analyses performed on both materials shows the similar metallographic images. However, some precipitates are observed on both materials and probably are Ring Tension Tests: the non-standardized tensile tests The ring tension test is a test for the determining material properties only in the hoop direction of a tube. The hoop direction properties are needed for tubular structural components which are known to have anisotropic mechanical properties due to the fabrication process [10, 11] . The Ring Tension Test (RTT) is a non-standardized testing method, and the principle of the test is to produce a mechanical stress in the circumferential Fig. 9 . UTHS for Fe-9Cr ODS versus temperature direction of the cylindrical sample through a radial tensile loading ( fig. 3 and fig. 4 ).
The tensile tests were carried out on the hydraulic mechanical testing machine Walter + Bai at room temperature and temperature of 500 °C with a crosshead speed of 0.017mm/s [12, 13] . Note some advantages of this type of test:
-The RTT method could use the smaller specimens compared with those used in the burst tests;
-The specimen geometry of the ring specimen is relatively easy to be prepared;
-The procedure could be also applicable to irradiated materials.
The specimens used for the non-standard mechanical tests are the RTT type samples. They are characterized by two narrowing sections positioned diametrically opposed ( fig. 5 ).
An important issue for these types of tests is the friction arising between the samples and gripping system. In order to reduce the friction coefficient, a Teflon tape was introduced between the sample and gripping system [13, 14, 15] . For all samples tested, the fracture zone is in the narrowing section, and the mechanical tests are valid ( fig. 6 ). At room temperature, the fracture behaviour is similar between the two materials ( fig. 6 b) . For tests performed at a temperature of 500°C one may see that Fe-14Cr ODS steel samples are strongly oxidized and rupture occurred on both narrowing sides ( fig. 6 c) .
Results and discussions
In this chapter, the both materials results from RTT are discussed. The tensile behaviour of materials is displayed in figure 7 (Fe-9Cr ODS) and figure 8 (Fe-14Cr ODS) for room temperature and at 500°C as well.
Due to the test configuration and specific specimen shape, we may define here the tensile strength as Ultimate Tensile Hoop Strength (UTHS). This is, probably, the most appropriate name for the material property obtained during RTTs. Table 1 shows UTHS for both materials tested at room temperature and 500 o C.
The examination of the results obtained can be seen that tensile behaviour is rather the same for both ODSs and the UTHS values at 500 o C are decreased by 20% in comparison with those at room temperature ( fig. 9 and  fig. 10 ). In the same conditions of temperature, the Fe-9Cr ODS steel has a higher tensile strength than the Fe-14Cr ODS. This aspect is highlighting by the figure 11 , where the UTHS average values are presented for each material.
The morphology of the fracture surface after the RTT depends on the material and method of manufacture [16, 17] . Figure 12 displays the aspects of fracture surfaces of two samples of Fe-9Cr ODS steel, tested at room temperature and at 500°C. From SEM images, there is a ductile character of the fracture surface with the appearance of a slight necking. The dimples on the fracture surface are in a large number and have a spherical aspect with sizes between 1ìm and 10ìm and some are relatively deep. This little ductile aspect is in concordance with tensile curve shape in the room for both temperatures. Regarding Fe-14Cr ODS steel, in figure 13 are shown the fracture surfaces for samples tested at 20 and 500°C. The difference from the samples of Fe-9Cr ODS steel lies in the fact that the crack front has a more brittle aspect and the necking of the sample is not observed. The predominant failure mode for Fe-14Cr ODS steel is by the cleavage phenomenon with some small ductile areas where the few small and shallow dimples are grouped. Also, from the SEM images, it is noted that the laminating process, whereby the tubes have been obtained, produced different effects on these two materials. Thus, the Fe-9Cr ODS steel presents a more small and fine grain size; while Fe-14Cr ODS steel grains are more elongated. Another characteristic of fracture surfaces resulting from tensile tests on ODS steels is the appearance of delaminating. This is not yet sufficiently explained [16] . The justification would consider the elongated grain shape, some particular texture characteristics, decohesion of the grain boundaries, segregated impurity atoms and inclusions could lead to this delaminating. These factors may act individually or simultaneously.
Conclusions
The paper presents some aspects from the experimental activity performed by RATEN ICN in the framework of the FP7 European MatISSE Project. Its objective is the characterization of mechanical properties of candidate materials for a structural component in the generation IV reactors.
RATEN ICN commitment included the determination of the mechanical properties of the Fe-9Cr ODS and Fe-14Cr ODS alloys provided for the investigation in this project. It has been decided that the testing method be nonstandardized test Ring Tension Test and the test conditions comprise mechanical tests at both room temperature and at 500°C.
Experimental tests revealed the different behaviour of materials under the same conditions of temperature such that the Fe-14Cr ODS steel has lower tensile strength than steel Fe-9cr ODS at the same temperature. Also, the tensile strength decreases for both materials relative to the temperature increase. Micro-structural investigations of the fracture surface by scanning electron microscopy put into evidence the characteristics of the two materials. Thus, Fe-9Cr ODS steel has a ductile fracture fashion while the Fe-14Cr ODS steel undergoes a predominant fracture through the cleavage phenomenon with small ductile areas. Also, one may observe different aspects of the grains of the two materials. Following lamination process, Fe-14Cr ODS steel grains are elongated while Fe-9Cr ODS steel has more fine grains.
Continuing the experimental work, to evaluate mechanical properties of ODS alloys provided under the project comprise two directions: -The first direction represents the need to improve statistical mechanical tests results using the Ring Tension Test method by repeating tests at temperatures of interest in the operation of generation IV reactors.
-The second direction aims to continue the mechanical investigation using the Pin Load Test method to determine the fracture toughness (K IC ) of the material.
